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1 . This report has been drawn on the basis of (substitute sheets which have been furnished to the receiving Office in 
response to an invitation under Article 14 are referred to in this report as "originally filed" and are not annexed to 
the report since they do not contain amendments.): 
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21/09/1999 
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□ the description, pages: 

□ the claims, Nos.: 

□ the drawings, sheets: 

3. □ This report has been established as if (some of) the amendments had not been made, since they hav been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 



4. Additional observations, if necessary: 



V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial 
applicability; citations and explanations supporting such statement 
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Inventive step (IS) 
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No: Claims 
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No: 



Industrial applicability (IA) Yes: 
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Claims 

Claims 1-6 
Claims 
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2. Citations and explanations 
see separate sheet 

VI. Certain documents cited 

1. Certain published documents (Rule 70.10) 
and / or 

2. Non-written disclosures (Rule 70.9) 
see separate sheet 

VII. Certain defects in the international application 

The following defects in the form or contents of the international application have been noted: 
see separate sheet 
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To section V: 

The present claims relate to microbicidal compositions comprising plant oils selected from 
oils of fennel, anise or basil, or active ingredients of such oils selected from trans-anethole, 
fenchone or estragole, together with benzoic acid or certain parabens, and the use thereof 
for the control of certain microorganisms. 

The antibacterial activity of plant oils such as e.g. sweet basil oil is known in the relevant 
art. CHEMICAL ABSTRACTS, vol. 98, no. 15, 11 April 1983 Columbus, Ohio, US; abstract 
no. 122647k, EL-GENGAIHI, S. ET AL: 'Biological investigation of some essential oils 
isolated from Egyptian plants 1 ; DATABASE BIOSIS BIOSCIENCES INFORMATION 
SERVICE, PHILADELPHIA, PA, US, SINHA G K ET AL: 'ANTIBACTERIAL AND 
ANTIFUNGAL STUDY OF SOME ESSENTIAL OILS AND SOME OF THEIR 
CONSTITUENTS.' XP002084673, INDIAN PERFUM 34 (2). 1990. 126-129; describe the 
antibacterial activity of sweet basil oil. R. Arora, "Application of essential oils and their 
isolates as preservative of Citrus reticulata", Biol. Mem. 9(1), 1984, discloses the use of 
sweet basil oil as a preservative for oranges. 

Compositions comprising oil of fennel, anise or basil, or trans-anethole, fenchone or 
estragole, together with benzoic acid or parabens are not disclosed in the prior art. 

The applicant demonstrated in comparative experiments that compositions comprising oils 
of fennel, anise or basil, or certain components thereof together with benzoic acid or 
parabens exhibit synergistic microbicidal activity and can successfully be used for the 
control of certain microorganisms. Such synergistic effect and use of the compositions are 
not derivable from the cited prior art. The claimed subject matter therefore complies with 
the requirements of Articles 33(2)-(4) PCT. 

To section VI: 

(a) I. Hodgson et al., Journal of Essential Oil Research 1998, vol. 10, no. 3, pp. 293-7 
"Inhibition of bacteria and yeast by oil of fennel and paraben: development of 
synergistic antimicrobial combinations" 



PCT/Separate Sheet/409 (Sheet 1) (EPO- April 1997) 
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EXAMINATION REPORT - SEPARATE SHEET 



(b) K. J. Lachowicz et al., Letters in Applied Microbiology 1998, 26 (3), p. 209-14 
"The synergistic preservative effects of the essential oils of sweet basil (Ocimum 
basilicum L.) against acid-tolerant food microflora" 

(c) J. Wan et al., Journal of Applied Microbiology 1998, 84(2), p. 152-8, "The effect of 
esential oils of basil on the growth of Aeromonas hyrophila and Pseudomonas 
fluorescens" 

(d) Fyfe L. et al., Int. J. Antimicrob. Agents 9 (3), 195-9 (1998); "Inhibition of Listeria 
monocytogenes and Salmonella enteriditis by combinations of plant oils and 
derivatives of benzoic acid: the development of synergistic antimicrobial 
combinations". 

These documents have been published after the priority date(s) but before the filing date 
of the present application. In case that the claimed subject matter is not fully supported by 
the priority documents, the documents (a)-(d) referred to above may become relevant for 
the assessment of novelty and/or inventive step of the claimed subject matter. 



To section VII: 

The description should be brought into conformity with claims 1-6. 
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A formulation for use as a micro-organism 
inhibitor such as a preservative comprising a 
combination of at least one plant oil chosen from 
oils of fennel, anise or basil, or derivatives or 
active ingredients thereof together with at least 
one of the group comprising benzoic acid, methyl 
paraben, ethyl paraben, propyl paraben or butyl 
paraben, wherein the derivatives or active 
ingredients of the plant oils are chosen from the 
group comprising trans -anethole, fenchone and 
estragole . 

A formulation as claimed in claim 1 wherein the 
concentration of plant oil, derivative or active 
ingredient thereof is between 0.01% to 1% and the 
concentration of benzoic acid or paraben is from 
0.01% to 1%. 

Use of a formulation as claimed in claim 1 or 
claim 2 in the preparation of a medicament to 
inhibit Staphylococcus aureus or vancomycin- 
resistant Enterococcus . 

Use as claimed in claim 3 wherein the preservative 
is in combination with a pharmaceut ically 
acceptable carrier . 

A medicament to inhibit micro-organism growth 
comprising a formulation as claimed in claim 1 or 
claim 2 . 

A formulation as claimed in claim 1 or claim 2 in 
a spray formulation. 
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FOR FURTHER Notification of Transmittal of International Search Report 

(Form PCT/ISA/220) as well as t where applicable, item 5 below. 

ACTION 


International application No. 

PCT/GB 98/02425 


International filing date (day/month/year) 

21/08/1998 


(Earliest) Priority Date (day/month/year) 

23/08/1997 


Applicant 

QUEEN MARGARET COLLEGE et al . 



This International Search Report has been prepared by this International Searching Authority and is transmitted to the applicant 
according to Article 18. A copy is being transmitted to the International Bureau. 


This International Search Report consists of a total of 4 sheets. 




Ixl It is also accompanied by a copy of each prior art document cited in this report. 


1. 


| | Certain claims were found unsearchable (see Box I). 


2. 


| | Unity of invention is lacking(see Box II). 


3. 


| | The international application contains disclosure of a nucleotide and/or amino acid sequence listing and the 
international search was carried out on the basis of the sequence listing 




□ 


filed with the international application. 




□ 


furnished by the applicant separately from the international application. 

| | but not accompanied by a statement to the effect that it did not include 

matter going beyond the disclosure in the international application as filed. 




□ 


Transcribed by this Authority 


4. 


With regard to the title, [][] 


the text is approved as submitted by the applicant 




□ 


the text has been established by this Authority to read as follows: 


5. 


With regard to the abstract, 








the text is approved as submitted by the applicant 




□ 


the text has been established, according to Rule 38.2(b), by this Authority as it appears in 
Box III. The applicant may, within one month from the date of mailing of this International 
Search Report, submit comments to this Authority. 


6. 


The figure of the drawings to be published with the abstract is: 




Fiaure No. — [^] 


as suggested by the applicant. Q None of the figures. 




□ 


because the applicant failed to suggest a figure. 
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because this figure better characterizes the invention. 
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Inhibitor 



The prssen 
medical i 
relates to 



monocytogenes 



aureus and 



invention relates to food preservatives and 
nfcibitors. m particular the invention 
formulations which can inhibit Lister!^ 
; Salmonella enter jdi tj s; staphy l Q rn^,ic 



, U?teyia .. in c ^QCYtiQqenes and Salmon^! ^ en^riHiHc are 



food-borne 
increase in 
few years [ 
very young 
susceptible 
"traditiona 
organisms 
and heat [3 
widespread 
preservative 
Individual 
such as 
used to 
unlike S. 



can readily 
refrigeration 



and Preservative Formulation" 



vancomycin-resistant Enterococcus , 



pathogens responsible for the significant 

food-borne diseases observed over the past 
1]- Susceptible individuals tend to be the 
old and pregnant women who are particularly 
to listeriosis [2]. There are a variety of 
1" procedures used to control these micro- 
including good hygiene procedures, pressure 
] however there is little evidence of the 
use of an effective synergistic combination 
system to limit the control of infection, 
preservatives have been used over the years 
acids [4] and nisin [5] which has been 
Im iponocytoqene s. This micro-organism 
e nteritis is capable of growth at 4°c and 



organic 
inhibit 



achieve an infectious dose even at this low 
temperature [6]. 
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This invention also relates to inhibition of a bacteria 
such as multi (methicillin) resistant Staphylococcus 

vancomycin-resistant Enterococcus . As the 
names of these micro-organisms imply they are resistant 
to anitbio:ics and there is consequently a great need 
a preservative system which will not only 

bacterium but reduce the possibility of the 
of resistant strains. 



to develop 
inhibit th^ 
generation 



:ion 



Eliminat 
of antibioit 
resistant 



Inhibitory 
some years 
inhibition 
model food 



of these organisms has centred on the use 
ics. However, microorganisms can become 
^.o antibiotics, 

properties of plant oils have been known for 
[7] and recently Tassov et al f [8] described 

of ±Ls enteriditis and L.» monocytog ene? in a 

system at 4°c and lO^c by oil of mint. 
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Furthermore 
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components 
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in foods at 



It is an obj 
formulation 
environments 
micro— organisms 



has been found as a "natural" breakdown 
several milk-based products such as yoghurt, 
and is one of the first and most widely 
in the world because it is 
inexpensive and has low toxicity [9]. 

it has been shown to be inhibitory against 
ing and spore forming bacteria [9] and has 
to act synergistically with several 
against a variety of micro-organisms [10]- 



compounds 



such as methyl paraben (esters of p- 
z|oic acid) have been licensed for direct use 
a concentration not exceeding 0*1% [nj. 



ect of the present invention to provide a 
suitable for use in food and in hospital 
which will effectively inhibit growth of 
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According 
is provided 
preservati^ /e 
chosen fro*\ 
derivative!; 
acid, methy 
butyl parab 



0 one aspect of the present invention there 
a formulation for use as an inhibitor or a 

comprising a combination of plant oil 
oils of fennel, anise or basil, or 
or active ingredients thereof with benzoic 

1 paraben, ethyl paraben, propyl paraben or 
en * 



The plant oil derivatives or active ingredients include 
trans-anetiole / fenchone and estragole. 



The plant 
thereof a 
admin 



istenid 



il or derivative or active ingredient 
n<ft the benzoic acid or paraben may be 

separately or together to a foodstuff , 



The plant o 
thereof and 
admins ter eel 
f ormulatiorl 
inhibitor t 



the 



Typically 
concentrated 
could be 
as work 



us ed 



benches 



Preferably 
concentration 
ingredient 
concentration 
to l%. 



In one 
and methyl 
a concentrate 
at a 



concentrat 



il or derivative or active ingredient 
the benzoic acid or paraben may be 
in the form of a spray . Suitably the 
can be administered to surfaces as 
o prevent micro-organism growth. 



preservative combination is prepared as a 
solution for addition to foodstuffs or 
to decontaminate inanimate objects such 
or utensils. 



the preservative is used such that the 

of plant oil, derivative or active 
thereof is between 0*oi% to 1% and the 

of benzoic acid or paraben is from o.oi% 



embo d iment 



the invention comprises oil of fennel 
paraben wherein the oil of fennel is used at 
ion of 0.2% and the methyl paraben is used 
ion of O . 1% . 
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In another 
comp rising 

Preferably 
of 0.01% td 



CT/GB9S/02425 



aspect the invention provides a preservative 
oil of basil. 

the oil of basil is used at a concentration 
0.5%. 



The invention further provides use of oil of basil as 
an inhibitor of X* . monocytogenes f s. enteriditis . s . 
vancomycin-resistant Enterococcus . 



aureus and 



In a second 
and methyl 
concentrat 
a cohcentrit 



In another 
comprising 



embodiment the invention comprises fenchone 
para ben wherein the fenchone is used at a 
on of 0.1% and the methyl paraben is used at 
ion of 0-1%, 



aspect the invention provides a preservative 
trans-anethole . 



In yet another aspect the invention provides a 
preservative comprising estragole (4-aliylanisole) 



The invent: L 
and es 
enteriditi 



stragol 



ins 



Enterococci as , 



The invent 
chosen froih 



Lon further provides use of a plant oil 

oil of fennel, oil of basil or oil of anise 



on further provides use of trans -anethole 

e as inhibitors of L.toonocvotoaenes . 
, S. aureus and vancomycin-resistant 



Enterococci as . 

The invention further provides use of an active 
ingredient chosen from oils of fennel, anise or basil, 
chosen farojn fenchone, trans-anethole or estragole in 
combination with methyl paraben in the preparation of a 
composition for the inhibition of 1a. monocytogene or 
enter idftjs, S\ aureus or vancomycin-resistant 
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in combin^t 
the 



preparation 



monocy t ooenes 



vancomycin 
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ion with methyl paraben or benzoic acid in 
of a composition for the inhibition of 
S. enteriditiei r s. aureus or 



-resistant Enterococcus . 



Several combinations according to the invention exhibit 
synergistic antimicrobial properties which enable one 
or more component of the combination to be used at a 
relatively low concentration. This is clearly useful 
in terras of cost, but more importantly could be more 

to the general public who have become 
increasingly critical of the use of chemical 
preservatives in food, m addition a combination 
containing a plant oil may be perceived as natural 
rather tha|i chemical. 



The presenj: invention also provides a composition for 
use in inhibiting pathogen infection, said composition 
at least one oil chosen from oil of fennel 
anise or the active ingredients thereof 



comprising 
and oil of 



together w: L th at least one member of; the group 



consisting 
butyl paraien 



Typically 
ingredient* i 



Oil of Fennel 



Oil of Anise 



Benzoic Acid 



of benzoic acid, methyl, ethyl, propyl and 



composition may comprise the active 
in amounts as follows :- 



Preferably 0-1%, more preferably 
0.1-0.4% and most preferably 0.15- 
0.25% 

Preferably 0-1%, more preferably 
0.1-0.4% and most preferably 0.15- 
0.25% 

Preferably 0-1%, more preferably 
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Methyl Pareiben 



Ethyl Faraben 



Propyl Paraben 



Butyl Para ten 



The term " 
separate 
administrati 
It is 

composition 



generally 



A preferred 
composition 
or vancomycin 
comprising 
and oil of 
least one o 
methyl. 



ethyl 
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0.05-0*5% and most preferably 0-05- 
0,15% 

Preferably 0-1%/ more preferably 
0,05-0.5% and most preferably 0.05- 
0.15% 

Preferably 0-1%, more preferably 
0.05-0*5% and most preferably 0.05- 
0.15% 

Preferably 0-1%/ more preferably 
0-05-0.5% and most preferably 0.05- 
0,15% 

Preferably 0-1%, more preferably 
0,05-0.5% and most preferably 0-05- 
0.15% 



composition 11 is used herein to include 
fojrmulations which are intended for co- 
on, either sequentially or simultaneously. 

more convenient however for the 
to be a single mixture formulation . 



embodiment of the invention provides a 
for use in inhibiting Staphylococcus aureus 
-resistant Enterococcus, the composition 
15-0,25% of at least one of oil of fennel 
jinise in combination with 0.05-0.15% of at 
the group consisting of benzoic acid, 
, propyl and butyl paraben. 



The composition according to the invention may be 
administered in any convenient form. Mention may be 
made of tab:.ets, solutions, suspensions and also 
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aerosol sprays. The composition may be administered 
enterally, palentrally, subcutaneous ly , (via a 
subcutaneous patch or injections) , intra muscular ly and 
so on- 



In another 
use of a 
manufacture 
aureus and 



aspect, the present invention provides the 
composition as described herein in the 

of a medicament to inhibit Staphylococcus 
vanconcycin-resistant Enterococcus - 



further 



In a 

method of 
vancomycin 
human 

comprising 
described 



(preferably 



The active 
combinat i oh 
carrier. 



A particulp 
sprayable 



aspect , the present invention provides a 
Inhibiting Staphylo coccus aureus and 
-resistant Enterococcus, in human or non- 
mammalian) animal body, said method 
administering to said body a composition as 
.above. 



ingredients of the composition may be in 
with any pharmaceutical Iy acceptable 



One preferred carrier is water 



rily preferred form of application is as a 
formulation . 



on is illustrated with reference to the 
examples and results are summarised in the 
tables. 



The invent 
following 
accompanying 

Examples 

Materials knd Methods 
Maintenance of Bacteria 
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Lj^terja m< mocYtog^e? 11994 and Salmonella enter id it: is 



4 44 4 were 
Culture, 
in the lon^f 
term on 
short term 
soya Broth 
Basingstoke* 

Reagents 



purchased from the National Collection Type 
P<|>rton Down, Wiltshire, UK, Each was stored 
term in glycerol at -2 0°C, in the medium 
Tr^ptone Soya Agar (TSA) slopes and in the 

on TSA plates- All agar and broth (Ttyptone 
was purchased from Oxoid-Unipath Limited, 
UK. 



ferine 



Oils of 
supplied bj 
House , 5 
fenchone , 
methyl 
purchased 
Dorset , UK 



1, anise and basil were generously 
F D Copeland and Sons Limited, Colanol 

ield Street, London, UK * Trans-anethole, 
^stragole (4-allylanisole) , benzoic acid, 

and phosphate buffered saline (PBS) were 
rom sigma-Aldrich Company Limited, Poole, 



Wcistf : 



pare ben 



Exper imenU 

10/zl of an 
S , enteridi 



ight 



TSB contair 
anise, 0*2% 
o • 1% benzoic 
corresponding 
each overni 
broth only - 
samples 
vortexing 
serially 
dilution 
the surface 
colonies 
(cfu/ml) , 



were 



at 



1 procedure ( 1) 

overnight TSB culture of L» monocytogenes or 
t is incubated at 37 Q C was added to lOml of 
ing 0.2% of oil of fennel, 0.2% oil of 
or o.02% oil of basil in combination with 



acid or 0,1% methyl paraben. 
controls were also prepared thus iO/xl of 
culture was added to the appropriate 
All tubes were incubated at 37°c. iml 
removed from each test and control after 
Ohrs, lhr, 4hrs, 8hrs, 24hrs and 48hrs and 

in O.OIM PBS, IOOmI from each 
placed on an agar plate and spread across 
Plates were incubated at 37 °C and 
as colony forming units per ml 
A.s ethanol was used to prepare solutions of 



diluted 



was 



counted 
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benzoic acid and methyl paraben a diluent control was 
used whero ethanol was added to each culture medium. 
The ethanol present was shown not to exhibit any 
inhibitory properties against micro-organisms tested* 
Due to th<! limitation of the serial dilution technique 
it was not possible to count cfu less than 10/ml. 

Oils of fennel and anise were used at 0-2% and whilst 
oil of basil was originally used for comparative 
purposes at 0.2% it was later used at 0.02%. Benzoic 
acid and n ethyl paraben were used at 0,1%. Several 
factors were considered when choosing these 
concentrations- Firstly, to determine the presence of 
synergistic inhibition by a combination it was 
necessary to use each component of the combination at a 
concentration which was relatively weakly inhibitory 
over the tjimascale of the experiment. Secondly, with 

benzoic acid and methyl paraben these cannot 
foods in excess of 0.1% [11]- 



respect to 
be used in 



Re pr odu c i b i 1 i t y 



Triplicate 
the mean 
standard 
was 
mean count 



cDunt 



error 



par for: ned 



corresponding 



shown in t ie 



Statistical Test 



Two-tailed 
inhibition 
correspond 
statistica 



plates were prepared for each dilution and 
of three plates was determined. The 
of the mean was £10%. Each experiment 
on three separate occasions. It is the 
from three separate experiments and the 
standard error of the mean which are 
results section. 



paired student's t-test was used to analyse 
caused by a combination compared to the 
ng control. Differences were judged to be 
ly significant when p<0.05- 
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Definition 

The def ini 
Moellering 
synergist! 
>1 log l0 
inhibitory 
This 
[13]. 



10 



gr aat 



def in Lti 



bion used is that of Eliopoulos and 
(12] thus inhibition is defined as 
when the combined preservatives demonstrate 
er inhibition than the sura of the 
effects of the preservatives used alone, 
ion is also in agreement with Mims et jal 



Results 



Listeria monocytogenes 



Oil of bas 
micro- 
there was 
lhr of 

cfu/jul whi<fch 
compared 
at 0.2% wai 
reductions 
24hrs and 
Oil of ani 
48hr perioc 



-organi 



culture 



For all 
were more 
acid. 



For oil of 
were reduct 



log, 0 at 4hrs 



i JO 

correspond! 
was however 
anise and 



ia 



of Synergy 



1 at 0.2% was a potent inhibitor of this 
ism where at 4hrs, 8hrs, 24hrs and 48hrs 
1,0 logi 0 cfu/ml (Table 1A) . Even at only 
there was a count of only 3.4 log 10 
represents a reduction of 3.0 log l0 
the corresponding control . oil of fennel 
less inhibitory although there were 
of 3.0 log 10 , 2.9 log l0 and 0.6 log l0 at 8 hrs, 
Siirs compared to corresponding controls, 
was relatively weakly inhibitory over the 
as were benzoic acid and methyl paraben. 



sie 



combinations those containing methyl paraben 
inhibitory than those containing benzoic 



anise in combination with benzoic acid there 
ions of 1,3 log l0r 2.6 log J0 , 2.1 log t0 and 0.5 

8hrs r 24hrs and 4 8hrs compared to 
ng controls. Greater inhibition of growth 
observed with the combination of oil of 
mjethyl paraben. Thus at the same times as 



i 
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above th« 
log l0 and 



e*re were reductions of 1.7 log 
♦ 6 log l0 respectively. 



ion 



Combinat 
inhibitor^ 
compared 
reduction^ 
for- oil at 
2.1 log 10 , 
combinati 
4hrs, 8hr 



to 
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XX 



3 » 4 log, 



5, 1 



s containing oil of fennel were more 
than those containing oil of anise. Thus 

corresponding controls,; there were 
of 1.9 log I0 , 3.6 log l0 , 4.2 log J0 and 4.2 log l0 
fennel and benzoic acid; and reductions of 
4*5 log l0/ 5.7 log l0 and 7.1 log I0 for 
cjins of oil of fennel and methyl paraben at 
24hrs and 48hrs respectively. 



With respect to synergistic inhibition this was evident 
after 24hi s and 48hrs of culture for combinations of 
oil of anise with methyl paraben and combinations of 
oil of fennel with benzoic acid or methyl paraben at 
imes, in the first example there was 4.6 
5 log l0 further inhibition of growth by the 



the same 
log I0 and € 



combination compared to the additive inhibition by each 



separate c 
acid there 
of growth 



oroponent. For oil of fennel with benzoic 

was 1 log IO and 3.7 log l0 further inhibition 
by the combination and for oil of fennel with 



methyl paraben there was 2.8 log l0 and/6.7 log l0 further 



inhibition 
inhibition 
4 8hrs 



mentioned 



conseq uent ly 



As 

inhibitor 
was 

inhibition 
concentrate 
combinati 
benzoic ac 
than the o 
other hand 



no is 



by each combination compared to additive 
by separate preservatives also at 2 4hrs and 



previously o,2% oil of basil was a potent 
of L » monocytogene in its own right and it 
difficult to determine synergistic 
of a combination containing basil at this 
on. Indeed this may explain why 

containing 0.2% oil of basil with either 
Ld or methyl paraben were no more inhibitory 
1 on its own. 0.02% oil of basil on the 
was more or less bacteriostatic over the 
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48hr perio^ 
log l0 , 3 - 3 
48hrs . 



12 

with a reduction in growth of 1.3 log 10 , 2.5 
|.og l0 ana 1.5 log l0 at 4hrs, 8hrs, 2 4hrs and 



comb in; it 



This 



The 

was no mor£ 
0.02%. 
coinbinati 
24hrs and 
5.0 log l0 
synergist 
there was 
by the 
by each 



ion of 0*02% oil of basil and benzoic acid 
inhibitory than the oil on its own at 
same was also true for oil of basil in 
with methyl paraben at ihr and 4hrs but not 
18hrs where there was inhibition of growth by 
6,4 log l0 respectively. Furthermore, 
inhibition was evident at these times where 
further reduction of 1.7 log l0 and 5.1 log, 0 
combination compared to the additive inhibition 
ebarate preservative . 



and 



salmonella 



ac id 



Individual 
benzoic 
inhibitory 
inonocvtoqe 



log* 



cd: 



most potenjt 
times of 
only 1*4 
4.6 log l0 
of anise 
inhibition 
inhibition 
and 4 . O log 



aclid 



Benzoic 
inhibition 



enteriditis 



oils at 0-2% and combinations of oils with 

or methyl paraben were generally more 
against Salmonella enter id it is than Listeria 
nes (Table IB) . Oil of basil at 0.2% was the 
oil thus there was <1.0 log lo cfu/ml at all 
culture except Ihr where there was a count of 
l0 which in fact represented a reduction of 
mpared to the corresponding control. Oils 
fennel exhibited a similar pattern of 



and 



up to 48hrs at which time there was 
of growth of only 2.6 16g lo by oil of anise 
io by oil of fennel. 



and methyl paraben exhibited little 
over the 4 8hr period. 



As with Listeria monocytogenes a combination of 



preservatives containing methyl paraben was more 



inhibitory 



than one containing benzoic acid. Thus for 
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oil of anis 



13 



o or fennel in combination with methyl 
paraben there was <1,0 log 1Q cfu/ml at all times of 
culture; which represents approximately a >5.0 log )G 
reduction in number at all times compared to 
corresponding controls • In contrast there was, in 
general, a reduction of only 1 to 3 log I0 cfu/ml at all 
times for combinations of oil of anise or fennel with 
benzoic acid. 



Synergistic 
oil of ani$e 
all times c|f 
was a 



further 



log 



10/ 



>2.4 



;ive 



latter 



4hrs, 8hrs, 
the add it 
In the 
log l0 , >2.7 
the combinajt 
the separat 



inhibition was evident for combinations of 
or oil of fennel with methyl paraben at 
culture. In the case of the former there 
reduction in number of >2.6 log l0 , >2*2 



lo^io* >6-3 log 10 and >4.a log, 0 cfu/ml at Ihr, 



24hrs and 48hrs respectively compared to 
inhibition by each separate preservative, 
there was a further reduction of >3,3 
l°gio/ >3.0 log I0 , >6-6 logi 0 and 3.3 log, 0 by 

ion compared to the additive inhibition by 
e components . 



The combination of oil of basil (0.2%) and benzoic acid 
was less inhibitory than oil of basil (0*2%) on its 
own* In copvtrast the combination of oil of basil 
(0.2%) and pethyl paraben was as inhibitory as the 
individual [oil where there was <0.1 iog l0 cfu/ml at all 
times of culture. Oil of basil at 0*02% was weakly 
inhibitory (against S. enter iditis and even in 

with benzoic acid or methyl paraben there 
inhibition of growth. 



combination 
was little 



Discussion 

It has been 
preservative 
micro-organ i 



recognised for some time. that no single 

will be completely effective against 
,sms which contaminate food. Combination 
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preservati 
seem pref 
eliminate 
effective 
multiple 
contain 
that micro 
sufficient 
strains fo: 



14 

lyes such as those described here, therefore 
enable as they will have the potential to 
broad range of microbes and will be more 
han single preservatives because of their 
xo^des of action* Furthermore as plant oils 
active ingredients it would be unlikely 
organisms would be able to mutate a 
number of genes to generate resistant 
survival. 



many 



Synergisti 
have been 
reported 
of plant 
the major 



O.L 



fennel, an 
ingredient 
these 

micro-orgaiji 
resistant 



comb:Lnat 



weJ 



case 



effects by combinations of preservatives 
ill documented- However; this is the first 
of synergistic inhibition by combinations 
.Is and derivatives of paraben against two of 
tauses of food— borne illness namely L, 
monocytogenes and S. enteriditia . Oils used were 



se and basil as they have similar active 
[14}- Peliminary studies suggest that 
ions would be effective against other 
isms including S, aureus and vancomycin- 



jSnterocyccus , 



In this study combinations containing oil of fennel 
were more inhibitory than those containing comparable 
concentrations of oil of anise or basil. Although all 
have estragole in common , oils of fennel and anise 
contain anothole but the increased activity of 
combinations containing fennel may be due to active 
ingredients* which are unique to fennel such as fenchone 
and alpha pinene [14]* 



Combination 
inhibitory 
Phenolic 
be more 
drawback w 



s containing methyl paraben were more 
than those containing benzoic acid, 
compounds such as methyl paraben are known to 
ibitory than benzoic acid [15], however a 
th this paraben is its increased toxicity 
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and taste* 
within a 
the methyl 
described 
compounds 
relatively 



15 

These may not however be disadvantageous 
combination which is synergistic (as most of 
paraben containing combinations have been 
in this study) as one or indeed both 
of the combination could be used at a 
low concentration. 



It is cleajr from this study that s, enter id it is was 
more susceptible to inhibition by each combination than 
monQcyt|ogeges . It is unclear at this stage why this 



should be, but the obvious difference between these two 
micro-organisms is the structure of; the cell wall and 
it may be that this is one or more of the targets of 
each combination. In this regard paraben and benzoic 
acid have been shown to disrupt bacterial cell walls 
£16] and it is reasonable to suggest that damage to the 
cell wall could then facilitate the uptake of oil so 
that it than reaches its intracellular target. This 
mechanism 
permeabili 



3f synergy is in agreement with the 
sat ion synergy of Denyer et al [17] ♦ 



precise mo3e of action of each combination will be the 



subject of 



la 3 



Much emph 
combinati 
activity 
micro- 
only 4 
interesting 
oil in both 



Although 
combinati 
over a 48 
only in 
of these 



The 



lo:i 
of 



organisms 
hours 



future investigations. 

is has been placed on the activity of each 
but it is important to point out the potent 
oil of basil on its own, where for both 
there was less than 10 cfu/ml after 
of culture in o.2% of basil. It would be 
to further determine the properties of this 
broth and food. 



t&is study investigated the activity of 

of plant oils and chemical preservatives 
tyour period, at one pH (physiological pH) and 
medium, it does show the potential 
1 combinations as potent inhibitors of I»- 



laboratory 



nove. 
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mnn^c ytoaenes but: in particular S. enterix3kfe;Ls 



Further studies will consider each of the above points 
however emphasis will be placed on inhibitory 
experiments at lower temperatures such as 4°C and 10°c, 
Indeed it has previously been mentioned that 
n^pr^ Ytocrenes can grow at 4°C. More recently Jones et 



al, 1997 [18] have shown the fatty acid composition of 
the cell wall of this microbe to change at 4°c. It 
would be interesting to discover if these cells could 
be furthe^r inhibited by a combination at lower 
tempera tujres • 

Experimental Procedure C2) 

lo/xl of a:i overnight culture of L~ monocytogenes or 
^Tit&ridit Ls incubated at 37 °C was added to lOml of TSB 



containing 0.1% of trans-anethole, fenchone or 
estragole in combination with 0-1% methyl paraben. 
corresponding controls were also prepared, thus 10/xl of 
each overnight culture was added to the appropriate 
broth only- All tubes were incubated at 37°c. 1ml 
samples were removed from each test and control after 
vortexing at Ohrs, lhr, 4hrs, 8hrs, 24hrs and 48hrs and 
serially diluted in O.oiM PBS- 100^1 from each 
dilution was placed on an agar plate and spread across 
the surface. Plates were incubated at 37 °C and 
colonies counted as colony forming units per ml 



(cfu/ml) 
solutions 



As ethanol was used to prepare stock 
of methyl paraben a diluent control was used 
where ethanol was added to each culture medium. The 
ethanol present was shown not to exhibit any inhibitory 
against the microbes tested- Due to the 
of the serial dilution technique it was not 



properties 
limitation 



possible to count cfu less than 10/ml- 

To determine the presence of synergy within a 



WO 99/0i>836 



PCT/CB98/02425 



1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
IS 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 



combination 



anei:hol 



trans— 
which was 
over the 
make valicjl 
combinati 
use just 
combinati 
indicated 
above. I 
food in 



excess 



R^prodyc j j i j X X t y 



it was necessary to use a concentration of 
e, fenchone, estragole and methyl paraben 
relatively weakly Inhibitory in its own right 
i:imescale of the experiment. Furthermore to 
comparison about the activity of each 
against each microbe it was necessary to 
one concentration of each component with the 
Preliminary data from the laboratory 
that 0,1% would fulfil each of the criteria 
addition , methyl paraben cannot be used in 
Of 0.11 [15], 



on 



on- 



n 



As in Experimental Procedure (l) 



Statistical Test 



Results 
Listeria 



From Tabl£ 
inhibitory 
organism . 
undetectable 
was a redact! 
control- 
inhibition 
paraben arid 
properties; 
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As in Experimental Procedure (1) 



t>0t inition of Synergy 



As in Experimental Procedure (1) 



r lonocy toqenes 



2A it can be seen that fenchone was the most 
single component against this micro- 
At times of 8hrs and above t cells were 

(<10 cfu/ml) , even at lhr and 4hrs there 
on of 4 to 5 log !0 cfu/ml compared to the 
For estragole there was more than 4 log 10 
of growth after 24hrs. In contrast methyl 

trans-anethole had little or no inhibitory 
against L. monocytogenes . 
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inhibitory combination was fenchone and methyl 
Here the pattern of inhibition was almost 
10 that observed for fenchone alone. 

inhibition was not however detectable * 



For estrag^>l 
4 . O log I0 
inhibition 
more than 
preservat i Ves 
growth was 
48hrs. Th 
more than 



Salmonella 



e and methyl paraben there was more than 
inhibition of growth at 8hrs or above. This 
was also synergistic being 2.0 log xo 
Hhe additive inhibition of the separate 

With trans-anethole and methyl paraben 
reduced by 4.0 log 10 or more at 24hrs and 
s reduction was synergistic being 4.0 log l0 
with separate preservative^. 



entered it js 



-anthool 



ctt 



From Table 
trans- 
preservatives 
inhibited 
estragole 
Interestingly 
inhibition 
trans- 
fenchone 
48hr period 



-anetlio 



2B it can be seen that estragole and 
e were the two most single inhibitory 

against S. enteriditis. Here growth was 
4hrs and 8hrs by more than 5,0 log l0 for 
4nd over 2.0 log l0 for trans-anethole. 

numbers seemed to recover at 4Bhrs where 
was 2.1 log l0 and i_o log l0 for estragole and 
le respectively. Methyl paraben and 
exhibited little or no inhibition over the 



Combinatior is 



were 



paraben 
after 4hrs 
after lhr , 
almost 5 



leg 



Synergistic 
for estragc 1 
log l0 and 5 



of estragole or trans-anethole and methyl 
potent inhibitors of S. enteriditis where 
cells were undetectable (<10 cf u/ml) . Even 
growth was reduced by both combinations by 



Ho- 



inhibition was evident at 24 hrs and 48 hrs 
e and methyl paraben where there was over 2 
log l0 more inhibition than. with separate 
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Ves, For trans-anethole and methyl* paraben 

was synergistic at all times where there was 
( *9io inhibition than with separate components 
including 8hrs<. At 24hrs and 48hrs there was 
(5,0 log, 0 further inhibition by the 

compared to inhibition by separate agents. 



Fenchone and methyl paraben was the least inhibitory 
combination against S. enteriditis , however growth was 
inhibited by over 2.0 log l0 at 4hrs and 8hrs and almost 
5 log 10 at :>4hrs and 48hrs. Synergistic inhibition was 
detected a^ all times of culture but was particularly 

at 2 4hrs and 48hrs where there was almost 
4.0 log )0 m<J>re inhibition by the combination compared to 
additive inhibition by separate components. 

Discussion 



There are several advantages a combination preservative 
system has over a single preservative. These are the 
potential to inhibit a greater number and range of 
micro— organisms, the possibility of reducing the 
generation of resistant strains and the development of 
synergistic; inhibition • In the last example one or 
more comportents could be used at a relatively low 
concentration which would be desirable in terms of 
reduced cost and toxicity. 



Although 
that the 
plant oil, 
acceptable 
increasing 
preservati 



parab 



Plant oils 



en is a chemical preservative, the fact 
component in each combination was a 
often perceived as a natural product , may be 
to the general public who have become 
critical of the use of chemical 
in food* 



other 



ives 



however contain many active ingredients and 
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are often reported to be harmful in high doses [19]. 
In this steely three plant oil components common to oils 
anise or basil were investigated- All three 
are plant terpenoids [19] with fenchone being a 
terpenoid ketone and estragole a terpenoid ether. 
Fenchone a fid trans-anethole are described as non-toxic, 

latter is used in food flavourings [20,21]. 
Estragole Is probably the most harmful component being 
carcinogenic in high doses in mice, however low doses 
are though" to be detoxified in humans [22,23]. 

Fortunately in this study relatively low doses of each 



terpenoid 



(0,1%) were shown to synergistics! ly inhibit 



L, monocytogenes or s. enteriditis when in combination 



with 0_i% methyl paraben. There were however clear 
differences in the sensitivities of each micro— organism 
to inhibit Lon by combinations of terpenoids and methyl 
paraben and also to individual terpenoids. 

L. monocytogenes even at early stages of culture was 



particularly sensitive to inhibition by fenchone on its 
own and fenchone in combination with methyl paraben. 
So potent was this activity of fenchone that it was not 
possible to detect synergistic inhibition by the 
combination. The other combinations although less 
inhibitory were still effective synergistic inhibitors 
of growth particularly at the later stages of culture. 
In contrast:, s enteriditis was less .sensitive to 
inhibition by fenchone whether on its own or in 
combination with methyl paraben although significant 
synergistic: inhibition was detected at all times of 
culture- potent inhibition, even at early stages of 
culture, wets observed with combinations of trans- 
anethole or estragole and methyl paraben. These 
differences; in sensitivities to inhibition of lit 
monocytogenes and S. enteriditis by each combination of 
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and methyl paraben may shed light on their 



respective tnode ( s ) of action which : may be associated 



structure of the microbial cell membrane of 



Gram-positive and Gram-negative bacterium, Paraben is 
known to disrupt the microbial celi membrane [15] and 
it is reasonable to suggest that this disruption may 
enhance tlie activity of the terpenoid or facilitate its 
entrance Into the cell. 

Although ihis study was conducted in laboratory medium 
at 37 °C farther studies will determine the potential of 
1 combinations of terpenoid and paraben as 
of food-borne pathogens.. 



these nov<a 
inhibitors 



Combinations 
preliminary 
and vancoihyc 



ons 



Pormulati 
preservat 
medicaments 
surfaces 
f ormulat 
micro— organ 
Salmonella 



:xon 



vancomycxr 



tested herein have been shown in 
studies to be effective against s, aureus 
in-resistant Enterococcus. 



of the invention can be used as 
^ves in food, as active ingredients in 

, in spray formulations to decontaminate 
nd utensils. Regardless of the use of the 
the mode of action will prevent growth of 
isms such as Listeria monocytogenes f 
enteriditis . Staphylococcus aureus and 



resistant Enterococcus , 
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1* Formulation for use as a micro-organism inhibitor 
such as a preservative comprising a combination of 
at least one plant oil chosen from oils of fennel, 
anise or basil, or derivatives: or active 
ingredients thereof together with at least one of 
the croup comprising benzoic acid, methyl paraben, 
ethy], paraben, propyl paraben :or butyl paraben. 



A formulation as claimed in claim 1 wherein the 
oil, derivatives or active ingredients 
include trans-anethole., fenchone and 
Le. 



plair t 
thereof 



estre gol 



A forfraulation as claimed in claim 1 or claim 2 
wher€in the concentration of plant oil, derivative 
or active ingredient thereof is between 0.01% to 
1% ard the concentration of benzoic acid or 
paraken is from 0.01% to 1%* 

Use cf oil of basil as a preservative or in a 
preservative combination. 



Use 
is 



Use 
to 3 



ate 



Use 
is in 



acceptable 



as 
used 



claimed in claim 4 wherein the oil of basil 
at a concentration of 0,01% to 0.5%. 



of 



formulation as claimed in any of claims 1 
in the preparation of a medicament to inhibit 
staphjylococcus aureus or vancomycin-resistant 



Enter ococcus . 



claimed in claim 6 wherein the preservative 
combination with a pharmaceutical^ 
carrier. 
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A medlicament to inhibit: micro-organism growth 
sing a formulation as claimed in any of 
claimb 1 to 3. 



9* 



A 
in a 



f ormulat] 



ion as claimed in any of claims 1 to 3 
spray formulation. 
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5 . 



A formulation for use as a micro-organism 
inhibitor such as a preservative comprising a 
coition of at least one plant oil chosen fro, 
oil. of fennel, anise or basil, or derivatives or 
active ingredients thereof together with at least 
one of the group comprising benzoic acid, methyl 
paraben, ethyl paraben, propyl paraben or butyl 
paraben, wherein the derivatives or active 
ingredients of the plant oils are chosen from the 
group comprising trans-ane thole , fenchone and 
estragole. 



A fo rmul 



mgr£ 
cone 
0.01 



Use 
clairfe 



concent rat 



ation as claimed in claim 1 wherein the 
-ion of plant oil, derivative or active 
!diSnt thereof is between 0.01% to 1% and the 
on of benzoic acid; or paraben is f r0 m 
to 1%. 



conc<mtrati 



£ a formulation as claimed in clai 



Use 
is in 



as 



. ml or 

2 in the preparation of !a medicament to 

AUyeijfl or vancomycin- 



inhibit Staphvloror^ 
resistant Enterococcus . 



claimed in claim 3 wherein the preservative 
combination with a pharmaceutical ly 
acceptable carrier . 



A medi 
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claim 
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a 



f ortnul 
epr^y 



cament to inhibit micro-organism growth 

Slng a fo ™^ation as claimed in claim 1 or 
2 , 



Lation as claimed in claim 1 0x claim 2 
formulation. 
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